A 62-year-old man presented with general fatigue. He was diagnosed with septic shock and severe pneumonia. The sputum at admission yielded methicillin-sensitive Staphylococcus aureus (MSSA) strain and methicillin-resistant S. aureus (MRSA) strain. Despite antibiotic treatment, he did not improve. A chest computed tomography (CT) revealed multilobar cavity lesions. Only MRSA strain was confirmed at that time. We diagnosed him with necrotizing pneumonia. Despite treatment with vancomycin, his pneumonia worsened and he died. At autopsy, many gram-positive cocci were observed in the lungs. The clinical presentation of our patient was different from typical CA-MRSA-mediated necrotizing pneumonia.
Introduction
MRSA has traditionally been considered a health careassociated pathogen in patients with established risk factors such as a recent hospitalisation or surgery, residence in a health care facility, treatment by dialysis or the presence of indwelling devices. However, MRSA has also been observed in patients without established risk factors. Therefore, we must consider CA-MRSA and health-care-associated MRSA infections separately (1) . CA-MRSA patients are defined as those without documented health care risk factors: 1) the presence of an invasive device at the time of admission; 2) history of MRSA infection or colonization; 3) history of surgery, hospitalization, dialysis, or residence in a long-term care facility in the 12 months preceding culture date (2) . Currently, CA-MRSA is mainly associated with skin, soft tissue infections in healthy young persons in the community and to a lesser extent with community-acquired severe pneumonia (3) . This type of pneumonia is called necrotizing pneumonia. Since the late 1990s, the number of reports of necrotizing pneumonia due to CA-MRSA has increased in the US (3) and France (4) . Necrotizing pneumonia occurs in young, previously healthy adults with a previous episode of an influenza-like illness that is characterized by severe respiratory symptoms, hemoptysis, a high fever, leukopenia, a high CRP level and hypotension. The feature of necrotizing pneumonia is liquefaction and cavitation lung tissue pathologically and is typically multilobar small cavitating alveolar infiltrates as shown on a chest radiograph (3, 5, 6) . The differential diagnosis of cavitary pneumonia is lung abscess. Most lung abscesses develop after aspiration of oral secretions, and therefore occur more commonly in elderly and neurological patients. Lung abscess is characteristic of solitary cavitation surrounded by a well-defined enhancing rim, and may contain an air-fluid level. Not only antibiotics but also percutaneous drainage may be required for the treatment of large abscess. CA-MRSA-mediated necrotizing pneumonia has recently been the focus of attention because it has an epidemiological association with the molecular characteristics of CA-MRSA. Necrotizing pneumonia caused by CA-MRSA has been previously associated with PantonValentine leukocidin (PVL). PVL is a staphylococcal toxin that can induce tissue necrosis (5). CA-MRSA typically harbours the PVL genes. However, the presentation of the patient described herein was necrotizing pneumonia in the community, and different from the typical clinical presentation and the usual laboratory findings of community- 
Case Report
In January 2009, a 62-year-old Japanese man presented at our emergency department with general fatigue. The patient had bipolar disorder. He was an outpatient of the psychiatry department and regularly consulted a psychiatrist approximately once every two months. He had not been receiving antibiotics in general, of course, had not received at several weeks of hospitalization. The patient's last hospitalization was three years prior to this hospital admittance for an operation to treat prostatic hypertrophy. He had been unemployed for several years. There were no family contacts that work in health care. The patient was a former smoker with a history of one pack a day for 40 years and no known lung disease. He had no previous history of MRSA infection.
At admission, he was drowsy, but was easily aroused. A few days before hospital admittance, the patient felt ill with coughing and a high fever without hemoptysis. On admission, the patient's body temperature was 32.8 , his blood pressure was 62/30 mm Hg, his pulse rate was 66 beats/min, and his percutaneous oxygen saturation was 89% in room air. Physical examination revealed coarse crackles over the posterior lower portions of both lungs. The patient did not display any skin lesions. A rapid influenza diagnostic test was negative. Tests for urinary antigens of Legionella pneumophila and Streptococcus pneumoniae were negative. A chest radiograph showed bilateral patchy infiltrates in both lower lung fields (Fig. 1a) . The level of his consciousness decreased. The patient's condition was diagnosed as septic shock, with severe pneumonia and meningitis suspected. We intravenously administered 2 g meropenem and a norepinephrine infusion and provided oxygen. The patient's white blood cell count was 21,400 cells/mm 3 . The C-reactive protein (CRP) level was 20.6 mg/dL, the blood urea nitrogen level was 58 mg/dL, and the creatinine level was 2.2 mg/dL. In addition, we performed a cerebrospinal fluid examination to confirm or rule out the diagnosis of meningitis, and the results were normal. The patient's sputum, which was obtained at the time of admission by suctioning, was purulent. It revealed gram-positive cocci and neutrophils, and phago- After the patient received treatment, the physical and blood analyses did not reveal any improvement. A chest radiograph revealed worsening of the lobar consolidation and the expansion of consolidations. On day 10 of hospitalization, a chest CT was performed, which revealed cavity lesions, multilobar dense infiltrates and bilateral pleural effusion (Fig. 1b) . We diagnosed the patient with necrotizing pneumonia. Right pleural effusion was yellowish and turbid, and many gram-positive cocci and neutrophils were found by microscopic examination. The pleural effusion cultures confirmed the presence of MRSA; MSSA was not detected. Upon re-examination of his sputum, MSSA was no longer detected. On hospital day 11, intravenous vancomycin 1 g twice a day was added to the patient's therapy. On hospital day 15, a chest radiography showed a pneumothorax and atelectasis of his right lung (Fig. 1c) . The patient died 18 days after his admission to the hospital. The post-mortem examination revealed extensive necrotizing pneumonia with large lung abscesses (Fig. 2a) . Histology revealed diffuse alveolar damage and many gram-positive cocci in the lungs (Fig. 2b) . There was no bleb or emphysematous change.
The S. aureus isolates from sputum and pleural effusion were resistant to oxacillin, imipenem/cilastatin, β-lactam antibiotics, erythromycin and fluoroquinolones but susceptible to vancomycin, trimethoprim-sulfamethoxazole, rifampicin and arbekacin. The isolates were tested for genes encoding selected toxins [staphylococcal enterotoxin (SE) B; exfoliative toxin; PVL; and toxic shock syndrome toxin 1 (TSST-1)] by multiplex real-time polymerase chain reaction (PCR) analysis. The MRSA isolates were typed to determine their staphylococcal cassette chromosome mec (SCCmec) type by multiplex PCR targeting the cassette chromosome recombinases (ccr) and mec gene complex (6) . Pulsed-field gel electrophoresis (PFGE) and multilocus sequence typing (MLST) were not performed. The MRSA isolate from this patient was negative for PVL and belonged to the group of SCCmec type II strains. This S. aureus isolate was positive for TSST-1 and negative for SEB and exfoliative toxin.
Discussion
MRSA was previously regarded solely as a hospitalacquired pathogen, but it is now emerging as a communityacquired pathogen (3, 7). CA-MRSA is an increasing problem in several countries (3, 7, 8) , and it is associated with necrotizing pneumonia (3). PVL has been identified in many previous studies of necrotizing pneumonia. PVL is a staphylococcal toxin with a well-established cytolytic mechanism that specifically targets phagocytic leukocytes (3). However, the role of PVL in necrotizing lesion development is still controversial (9) , and is probably due to the species-specific susceptibility of neutrophils to the lytic effects of PVL (10) . The prevalence of the PVL genes varies geographically (3, 11) . MRSA containing the PVL genes comprises 0.1% of MRSA isolates that have been collected in hospitals in Japan (12) . Although there has been no large study conducted in Japan, it is thought that the prevalence of the PVL genes is significantly lower in Japan than in the USA (11, 13) . Most of the reported Japanese cases of CA-MRSA were not severe and included skin infections. However, several studies have reported severe PVL-positive MRSA infections in the community (14) .
The present patient required ventilator support based on the observable vital and laboratory data. The radiographic findings revealed that the patient had multilobar infiltrates and cavitation. The isolates from both sputum and pleural effusion were MRSA. These findings suggested necrotizing pneumonia and PVL-positive MRSA infection in the community. However, the patient was older and had had some past diseases, and the clinical progression of the patient's pneumonia was not as rapid as previous cases of CA-MRSA carrying PVL genes. The patient's blood analysis showed leukocytosis. Furthermore, the drug sensitivity pattern and the SCCmec type of the MRSA isolated from sputum and pleural effusion were characteristic of health care-associated MRSA and not CA-MRSA (3, 6) . This MRSA seems to be the New York/Japan clone. However, this clone cannot be identified since some important genotypes (such as multilocus sequence type and spa type) were not performed. We should have characterized MRSA more carefully. The strain isolated from this patient was a health care-associated type of strain but it caused a CA-MRSA-type syndrome. Additionally, MRSA infection was not suspected, based on the history taken at admission. However, the patient had a prior hospital admission 3 years previously, and we did not culture the anterior nares upon the current admission of the patient. Previously colonized patients with MRSA should be considered to be at high risk of continued carriage for at least 4 years (15) . This supports the fact that it is difficult to establish the origin of strains causing MRSA infections in the community. Risk factors for the acquisition of strains were related to the health care environment.
Furthermore, the patient's sputum at admission yielded not only MRSA strain but also MSSA strain. After treatment with meropenem, the patient no longer harboured MSSA in his sputum or pleural effusion according to our test results. For this reason, we think that the MSSA infection was successfully treated by antibiotics. However, it is hard to say that only MRSA caused his clinical course from beginning to end. An effect from his early clinical condition from the MSSA cannot be completely eliminated. It is more reasonable to think that the appearance of substituted microbism was caused by antibiotics and it made a translation to MRSA pneumonia. Tomita et al. reported two cases with severe necrotizing pneumonia due to CA-MRSA infection (16) . Both of their MRSA isolates were PVL negative. In their discussion, they pointed out reasons for the delay in starting treatment for MRSA; the reasons were that they had a lack of understanding of CA-MRSA and considered the MRSA of their patient's sputum at admission as colonization. In the present case, we also considered such reasons, and did not change meropenem after it became clear that his sputum yielded MRSA at admission. In general, we think of community-associated strains as invading the health care environment rather than the other way around. Although a patient who carries MRSA in the nasal mucosa is a large problem for the prevention of nosocomial infection in the community, the presence of MRSA is often not taken seriously in patients leaving the hospital. There remains the possibility of affecting the bacterial flora of the community environment. Our patient's diagnosis appears not to meet the criteria for CA-MRSA.
TSST-1 is one of the superantigens and suppresses the motility of polymorphonuclear neutrophils by inhibiting the expression of MRSA exoproteins (11). Orii et al. (17) reported a fatal case of necrotizing fasciitis due to a PVLnegative MRSA strain that expressed TSST-1 and suggested that the pathogenesis is the result of a factor other than PVL. Although our patient presented with shock, we did not observe rash, desquamation or high fever. This profile did not fit the established definition of toxic shock syndrome (18) but most likely does fit with the proposed definition of "toxic shock syndrome-like illness" (19) . His MRSA isolates had TSST-1. We did not examine the MSSA isolate, so we do not know whether this isolate was PVL and TSST-1 positive. In addition to TSST-1 and PVL, other toxins (notably alpha-hemolysin) may have influenced his clinical condition.
Although the laboratory data did not support this diagnosis, the patient could have been infected with influenza. The incident occurred during influenza season, and RT-PCR for influenza A and B was not performed. Influenza infection has an important role in MRSA infection (20) , and thus complicating effects from influenza infection cannot be completely excluded.
In conclusion, not all MRSA isolates in the community harbour the PVL genes. Various factors influenced the clinical progression of the present case of necrotizing pneumonia. Based on the results of the current study, we concluded that MRSA not involving PVL genes can cause necrotizing pneumonia. It is doubtful whether PVL has an important role in the virulence of CA-MRSA. PVL may be one of the genetic markers for CA-MRSA. Medical personnel must not delay in the diagnosis of necrotizing pneumonia when PVLnegative MRSA isolates are observed in the community. In Japan, the prevalence of PVL-positive MRSA is low, and clinical laboratory testing for PVL genes is rare. Moreover, the rate of methicillin resistance in the causative organisms of CAP in adults is very low (21) . Therefore, vancomycin should not be used for empiric therapy in every patient with CAP, especially in Japan, except for usage in a typical case. However, clinicians need to maintain a heightened awareness that CA-MRSA can cause rapidly progressive, necrotizing infections such as pneumonia. Close monitoring, timely modification of empiric antimicrobial coverage, additional testing for PVL or other MRSA-or MSSA-associated toxins, and timely treatment for toxins should be considered as a part of clinical practice.
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